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Materials and methods
Preparation of in vitro transcribed RNAs
In vitro transcribed RNAs were prepared using DNA hemi-duplex (Integrated DNA Technologies, IDT) and HiScribe T7 High Yield RNA Synthesis Kit (New England Biolabs, NEB). Each RNA was purified using pre-casted 15% denaturing polyacrylamide gel (Thermo Fisher Scientific) and the gel band with desired RNA product was cut under brief UV shadowing. The gel was crushed and soaked in 1X 10 mM Tris-HCl pH 7.5, 1 mM EDTA, 800 mM LiCl (1X TEL 800 ) in a thermoshaker at 4 o C and 1000 rpm overnight, and the RNA was precipitated as described previously [1] . The precipitated RNA was redissolved in nuclease-free water.
In vitro NAI/DMS/NMIA probing
In vitro transcribed RNA (3 pmol) was renatured at 95 o C for 1.5 min then cooled to 
Primer extension (reverse transcription)
NAI/DMS/NMIA-modified or untreated RNA was added up to 5.5 µL with nucleasefree water, and 1 µL of 5 µM Cy5-labelled DNA primer was then added. 
Structure probing data analysis
The SHALiPE and DMSLiPE data were processed as follows. The differences in intensity for each nucleotide between (+)NAI/DMS and (−)NAI/DMS reactions were computed. Normalized NAI/DMS reactivity was obtained based on the 2% -8% rule as described previously [2] . Using NAI as example, the top 2% of the most reactive nucleotide intensities were designated as outliers and removed from the pool for averaging. The next 8% of most reactive nucleotide intensities were averaged, and all nucleotide intensities, including the outliers, were divided by this average value to obtain normalized NAI reactivity for each nucleotide. DMS data was treated in the same way, except that only As and Cs were considered.
Bioinformatics analysis of putative rG4s in pre-miRNA
To evaluate the overall potential of pre-miRNA sequences in harbouring competing rG4 structures and to estimate the frequency and relevance of such cases, we have performed a bioinformatics survey among the pre-miRNA sequences retrieved from different organisms. The sequences were taken from miRBase [3] version 21. The putative rG4 sequences were localised using a regular expression search in each premiRNA. The well-characterised sequences that are capable of forming rG4 structures conform the G g1 N L1 G g2 N L2 G g3 N L3 G g4 general motif [4] , where g1, g2, g3 and g4 are integer numbers, equal to or greater than 3, L1, L2 and L3 are integers in between 1
and L max (inclusive), N is any nitrogenous base, including guanine. We defined the regular expression with the maximum loop size 12 (L max =12) [5] that captures many of the observed quadruplex forming sequences found in the human genome [6] . For the encountered nested putative rG4s, the longest sequence encompassing the constituent 4 shorter putative rG4s were retrieved. Therefore, the searched overall sequence motif for capturing the extended canonical rG4 sequences was (G 3+ N 1-12 ) 3+ G 3+ .
Comparative sequence analysis of pre-miRNA 149
Pre-miRNA 149 sequences from different organisms were obtained from miRBase [3] version 21 by inputting the human pre-miRNA 149 sequence for searching. The sequences were submitted to ClustalW2 [7] for alignment and TurboFold [8] to derive a phylogenetic secondary structure of pre-miR149 for homo sapiens.
Circular Dichroism (CD)
Synthetic wildtype and mutated rG4 sequences of pre-miRNA 149 were purchased from IDT and purified as described above. 5 µM RNA in 150 mM KCl and 10 mM Li cacodylate (pH 7.2) was denatured at 95 o C for 3 min, and then incubated at room temperature for 15 min for equilibration. Then CD measurement was performed using
Applied Photophysics Chirascan-plus (220 nm-320 nm scan, 1 nm step, response time 1s / nm, 25 o C). Data were analysed in KaleidaGraph v.4.5.2 (Synergy Software), normalized to provide molar residue ellipticity values and smoothed over 5 nm [1, 9] .
UV melting
Similar to CD, 5 µM RNA in 150 mM KCl/LiCl and 10 mM Li cacodylate (pH 7.2) was denatured at 95 o C for 3 min, and then incubated at room temperature for 15 min for equilibration. Then UV melting measurement was performed using Varian Cary 100 Bio (25-95 o C, 0.5 o C step, 295 nm). Data were analysed in KaleidaGraph v.4.5.2 (Synergy Software) and smoothed over 11 nm [10] .
In vitro Dicer processing assay
In vitro transcribed RNAs (pre-miR149 WT RNA for Dicer assay and pre-miR149
MUT RNA for Dicer assay) were CIP and PNK treated according to manufacturer's instructions (NEB), and purified as described above. 3 pmol of RNA in 150 mM KCl/LiCl, 3 mM MgCl 2 , 1 mM ATP, and 40 mM Tris-HCl (pH 7.5) was renatured at Pre-miR149 RNAs were queried in miRBase [3] version 21 (http://www.mirbase.org).
The three-letter code and common name of the species are given in parenthesis.
9 and an intense full length band, whereas the 3'-end of the RNA requires a primer bindng site. The 5'SL and 3'SL are designed such that they will minimize the interaction with the RNA sequence of interest, as previously described [11] . and c) was mapped correctly to the single-stranded region of the verified TAR hairpin secondary structure [13] , confirming that SHALiPE can accurately probe RNA secondary structure other than rG4.
13 Figure S5 . UV melting of wildtype and mutated rG4 motif in human pre-miRNA 149.
The UV melting experiment was performed using 5 µM RNA in 150 mM KCl/LiCl and 10 mM Li cacodylate (pH 7.2). Hypochromic shift (decrease in UV absorbance with increasing temperature) was observed at 295 nm for the wildtype rG4 motif (but not for the mutated rG4), a hallmark for rG4 formation [14] . Moreover, the melting temperature (T m ) under the K + condition was >90 o C, versus ~40 o C under the Li + condition, further supporting the formation of rG4. rG4, a monovalent ion-dependent structural motif, is known to be stabilized in K + > Li + [15] . , and e) map accurately to the single-stranded region of the predicted RNA secondary structure (using program RNAstructure [16] ). The absence of change in the NAI profiles under monovalent ion-dependent (lanes 2 and 4) and PDSdependent (lanes 4 and 6) conditions suggest that no rG4 is formed in pre-miRNA 149 mutant. The mutations made were in green and annotated next to the structure. The mutant maintains the hairpin structure of the pre-miRNA 149 wildtype, while inhibiting the rG4 formation. This is likely not due to the formation of another rG4, as the NAI profile of Li + , K + and K + +PDS are shown to be almost identical for the mutant ( Figure S7 ).
